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DIRECT PLATING METHOD AND SOLUTION
FOR PALLADIUM CONDUCTOR LAYER
FORMATION

TECHNICAL FIELD

This invention relates to a direct plating process, which can
conduct electrolytic copper plating to an mnsulating part of a
workpiece to be plated directly without conducting electro-
less copper plating, 1s suited when imparting conductivity to
insulating parts of through-holes (TH) and blind via-holes
(BVH) of a printed circuit board or the like, and 1s effective
especially when conducting copper plating to a ngid flex
substrate or a full-surface resinous build-up substrate having
a polyimide as a material, and also to a palladium conductor
layer forming solution for use in the direct plating. In the
context of this process, electrolytic plating i1s sometimes
referred to as electroplating.

BACKGROUND ART

Seed plating to insulating parts of printed circuit boards has
conventionally been conducted primarily by electroless cop-
per plating processes. A representative process 1s to apply
clectroless copper plating by adopting, as a pretreatment pro-
cess, aprocess that uses a Pd—>Sn alloy colloid as a catalyst or
an alkaline Pd 1on solution as a catalyst and conducts metal-
lization of Pd 1n a solution of a reducing agent 1n a subsequent
step. By this plating process, insulating parts of most printed
circuit boards can be rendered conductive. There 1s, however,
an increasing difficulty with flexible substrates or rigid flex
substrates employed in cellular phones, digital cameras, HD
or DVD systems, and the like. As a reason for this increasing
difficulty, 1t can be mentioned that many electroless copper
plating solutions are highly alkaline and that in these alkaline
solutions, polyimide materials generate functional groups
such as amino groups, hydroxyl groups, carbonyl groups
and/or carboxyl groups to have hydrophilicity and are hence
provided with higher hygroscopicity. Due to this property,
long-term treatment with an electroless copper plating solu-
tion of high alkalinity results 1n the penetration of the plating,
solution 1nto the polyimide substrate, and subsequent to the
plating treatment, the penetrated plating solution remains
between the resulting plating film and the polyimide substrate
and oxidizes the copper, thereby developing a problem that an
adhesion failure 1s induced. In addition, an adhesive layer
employed 1n such a substrate 1s prone to dissolution 1n the
alkaline solution and the dissolved matter causes a reduction
in the deposition rate of electroless copper plating, leading to
shortening of the solution life.

With a view to resolving such problems, there are now
many processes making use of direct plating that does not use
an electroless copper plating solution of high alkalinity and
conducts electroplating to workpieces without applying elec-
troless copper plating.

Japanese Patent No. 2660002 (Patent Document 1)
describes a process that can apply electroplating by convert-
ing a Pd—>Sn colloid catalyst into a metal chalcogemde com-
pound film by sulfuration treatment.

Japanese Patent No. 2799076 (Patent Document 2)
describes a process that subsequent to treatment with a col-
loidal acidic solution of a noble metal stabilized with an
organic polymer, conducts sulfuration treatment to eflect
metal coating under galvanic action.

Japanese Patent No. 3117216 (Patent Document 3)
describes a process that, after a thin oxide film layer 1s formed
in an aqueous solution of potassium permanganate which has
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been adjusted to pH 0 to 6 with a sulfonic acid or the like, a
conductive polymer layer of a pyrrole dertvative 1s formed,

followed by electrolytic plating.

Each of Japanese Patent No. 3284489 (Patent Document 4)
and Japanese Patent No. 3261569 (Patent Document 5)
describes a process that causes a carbon layer to deposit on a
surface, conducts treatment 1n an acidic solution to remove
carbon from a copper surface, and applies electrolytic plating.

Practically without exception, however, many of these pre-
treatment processes require a copper etching step after the
step that forms a conductive layer, because 1n the case of a
workpiece composed ol insulating parts and copper parts as in
a printed circuit board having through-holes and/or via-holes,
a component employed to form a conductive layer on the
copper substitutes or adsorbs, leading to a potential problem
of a reduction 1n the reliability of connection between the
copper existing on the substrate and the copper plating film
unless a step 1s included to remove the component. Further,
the copper etching treatment 1s technically considered to be
more difficult than an ordinary dissolution step for copper,
because the component employed for the formation of the
conductive layers still remains 1 adhesion on the copper.
Furthermore, the conductive layers applied to the msulating
parts are accompanied by a potential problem that they may
be dissolved or caused to fall off to some extent by the above-
described copper etching treatment and also by acid cleaning
as pretreatment for copper sulfate plating.

Other patent documents and general publications also
include those which describe neutral electroless copper plat-
ing solutions. It 1s, however, the current situation that they
have not arrived yet on the market, since they require the use
of costly reducing agents and also difficult efforts for the
maintenance of solution stability.

Patent Document 1: Japanese Patent No. 2660002

Patent Document 2: Japanese Patent No. 2799076

Patent Document 3: Japanese Patent No. 3117216

Patent Document 4: Japanese Patent No. 3284489

Patent Document 5: Japanese Patent No. 3261569

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

With the foregoing circumstances in view, the present
invention has as objects thereol the provision of a direct
plating process for directly conducting electrolytic copper
plating without conducting electroless copper plating by
forming a palladium conductor layer on an insulating part or
insulating parts of a workpiece such as a printed circuit board
and also the provision of a palladium conductor layer forming
solution for use in the direct plating.

Means for Solving the Problems

To achieve the above-described objects, the present inven-
tors have enthusiastically carried out an investigation, and as
a result, have found that by subjecting a surface of a work-
piece, which includes an insulating part, to palladium catalyst
treatment to apply a palladium catalyst onto the surface at the
insulating part and then forming a palladium conductor layer
on the msulating part 1n a palladium conductor layer forming
solution containing a palladium compound, an amine com-
pound and a reducing agent, while using the thus-applied
palladium as a catalyst, direct electrolytic copper plating 1s
teasible on the palladium conductor layer without interposi-
tion of an electroless copper plating film, also that, although
such a process 1s eflective for the conductivity-imparting
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treatment of insulating part(s) in a workpiece in which a
section to be subjected to plating includes insulating part(s)
and copper part(s) as 1 a printed circuit board having
through-holes and/or via-holes, the incorporation of an azole
compound in the palladium conductor layer forming solution
makes 1t possible to selectively form palladium conductor
layer(s) on only the insulating part(s) without formation of
palladium conductor layer(s) on the copper part(s).

Described 1n further detail, an adverse efiect 1s given to a
polyimide of low alkali resistance 1n conventional electroless
copper plating treatment. Described specifically, it 1s pre-
sumed that an electroless copper plating solution of high
alkalinity erodes a polyimide surface and subsequent to elec-
troless copper plating treatment, exudation of the plating
solution onto the polyimide surface oxidizes the electroless
copper plating film to reduce the adhesion of the plating.

To resolve these problems, the present invention provides a
process 1n which subsequent to the application of a palladium
catalyst onto an 1nsulator, a conductor layer of palladium 1s
tformed further. Preferably, a palladium catalyst 1s applied
onto an insulator with an acidic palladium colloid catalyst,
and then, a palladium conductor layer i1s formed 1n a palla-
dium conductor layer forming solution which contains a pal-
ladium compound, an amine compound and a reducing agent.
Further, this palladium conductor layer forming solution can
form the palladium conductor layer at near-neutral pH, and
the use of a palladium conductor layer forming solution with
an azole compound contained therein precludes the formation
of a palladium conductor layer onto copper. These can be
attributed to the fact that, even if palladium 1s not applied or 1s
applied only a little on copper as a result ol the use of an acidic
palladium colloid or the like for the application of the palla-
dium catalyst, this does not cause any substantial problem 1n
the palladium conductor layer forming treatment and also to
the contrivance that prevents the formation of a palladium
conductor layer on the copper owing to the incorporation of
the azole compound 1n the palladium conductor layer forming,
solution.

As described above, the present invention conducts the
impartation of conductivity with the above-described neutral
palladium conductor layer forming solution without using an
clectroless copper plating solution of high alkalinity, and
therefore, does not erode the polyimide and gives no adverse
elfect to the adhesion. Further, the palladium conductor layer
may be dried once and may then be subjected to electrolytic
copper plating as a next step, instead of using continuous
treatment that the palladium conductor layer 1s immediately
subjected to copper plating. In addition, the addition of the
azole compound to the palladium conductor layer forming
solution precludes the formation of a palladium conductor
layer on the copper so that the connection between the copper
part existing on the substrate and the electrolytic copper plat-
ing film (hereinafter referred to as “copper-copper connec-
tion”) 1s provided with very high reliability.

It 1s to be noted that 1n the conventional patent documents
relating to electroless palladium plating, the dip plating of
insulating parts in a plating solution 1s described to be feasible
by 1mparting catalytic properties to the insulating parts in
accordance with the conventionally-known sensitizing acti-
vator method, catalyst accelerator method or the like. How-
ever, there 1s not known any undercoating step that applies a
palladium catalyst to resin parts of an enftirety called “a
printed circuit board”, such as its surface and TH and BVH,
tor the purpose of subsequently conducting the formation of
palladium conductor layers only for obtaiming conductivity
and further conducting electrolytic copper plating to the 1nsu-
lating parts such as the resin parts via the palladium conductor
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layers. There 1s also unknown the contrivance that selectively
forms palladium conductor layers on only insulating parts
and precludes the formation of palladium conductor layers on
metal parts such as copper, that 1s, a palladium conductor
layer forming solution or electroless palladium plating solu-
tion contrived to preclude dissolution of the copper existing
on the surface of a substrate.

The present invention, therefore, provides the following
direct plating processes and palladium conductor layer form-
ing solutions.

Item 1:

A direct plating process for applying electrolytic copper
plating to an nsulating part of a workpiece having the 1nsu-
lating part, which 1s characterized by subjecting a surface of
the workpiece to palladium catalyst treatment to apply a
palladium catalyst onto the surface at the insulating part,
forming a palladium conductor layer on the mnsulating part
with a palladium conductor layer forming solution, which
includes a palladium compound, an amine compound and a
reducing agent, while using the thus-applied palladium as a
catalyst, and then forming an electrolytic copper plating film
directly on the palladium conductor layer.

Item 2:

The direct plating process according to item 1, wherein the
workpiece 1s made of a polyimide as a base material.

Item 3:

The direct plating process according to 1item 1 or 2, wherein
a section of the workpiece, the section being to be subjected
to the plating treatment, includes an insulating part and a
copper part, the palladium conductor layer forming solution
further includes an azole compound, and by treating the
workpiece with the palladium conductor layer forming solu-
tion, a palladium conductor layer 1s selectively formed on
only the insulating part without formation of the palladium
conductor layer on the copper part.

Item 4:

The direct plating process according to item 3, wherein the
azole compound 1s benzotriazole.

Item 3:

The direct plating process according to 1item 3 or 4, wherein
the workpiece 1s a printed circuit board having through-holes
and/or via-holes.

Item 6:

The direct plating process according to any one of items
1-5, wherein the palladium conductor layer forming solution
has a pH not higher than 8.

Item 7:

The direct plating process according to any one of items 1
to 6, wherein the application of the palladium catalyst 1s
conducted by treatment with an acidic palladium colloid solu-
tion dispersed and stabilized with an organic polymer.

Item 8:

A palladium conductor layer forming solution for use 1n
direct plating, 1s characterized by including a palladium com-
pound, an amine compound and a reducing agent.

Item 9:

The palladium conductor layer forming solution according,
to 1tem 8, which further includes an azole compound.

Item 10:

The palladium conductor layer forming solution according,

to item 9, wherein the azole compound 1s benzotriazole.
Item 11:
The palladium conductor layer forming solution according,
to any one of 1tems 8 to 10, which has a pH not higher than 8.

Eftects of the Invention

The direct plating process and palladium conductor layer
forming solution according to the present ivention have the
tollowing advantageous effects.
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(1) A conductor layer (palladium conductor layer) 1s formed
in a short time 1n a neutral solution, and therefore, no pen-

etration of the solution 1nto polyimide takes place even when
a workpiece made of a polyimide base material 1s used.

(2) The conductor layer on the polyimide 1s formed with
palladium, and therefore, no metal oxide 1s generated with
time so that the conductor layer 1s excellent 1n adhesion.

(3) Palladium 1s more resistant to oxidation than copper, and
therefore, sullicient conductivity 1s obtained with a layer
thickness of 5 to 50 nm or so and no long hours dipping in the
treatment solution 1s needed.

(4) Palladium 1s superior 1n corrosion resistance to copper,
and therefore, long term storage 1s feasible after the formation
of the palladium conductor layer until electrolytic copper
plating treatment such as copper sulfate plating.

(5) A step by conventional electroless copper plating pretreat-
ment can also be used.

(6) The use of a palladium conductor layer forming solution
with an azole compound contained therein obviates etching,
alter the formation of a conductor layer, because no conductor
layer exists on a copper part of a surface of a workpiece.

(7) The reliability of copper-copper connection 1s high, since
no conductor layer exists on the copper part as mentioned
above.

Best Modes for Carrying Out the Invention

As mentioned above, the direct plating process according
to the present invention 1s to form an electrolytic copper
plating film on an insulating part of a workpiece. By subject-
ing the workpiece to palladium catalyst treatment at a surface
thereol, a palladium catalyst 1s applied to the surface at the
insulating part. Using the thus-applied palladium as a cata-
lyst, a palladium conductor layer 1s then formed with a pal-
ladium conductor layer forming solution which contains a
palladium compound, an amine compound and a reducing
agent. Subsequently, an electrolytic copper plating film 1s
tormed directly on the palladium conductor layer at the 1nsu-
lating part.

The workpiece can be one 1n which a section to be sub-
jected to plating treatment 1s 1insulating in its entirety, or can
be one 1n which a section to be subjected to plating treatment
includes both an insulating part and a copper part, for
example, a printed circuit board or the like having a copper
film with through-holes and/or wvia-holes formed there-
through, specifically a rigid flex substrate, full-surface resin-
ous build-up substrate or like substrate having a polyimide as
a materal.

In the present invention, conventional methods can be
adopted for the pretreatment steps up to the palladium cata-
lyst treatment. In the case of a printed circuit board having a
copper 11lm, for example, 1t 1s possible to adopt such a process
that after conducting conditioning with an alkaline cleaner
such as amine compounds including a nonionic surfactant
and/or cationic surfactant, copper etching 1s conducted with
an etchant containing an oxidizing agent and an acid, fol-
lowed by acid cleaning or the like.

Further, the palladium catalyst treatment to the imnsulating,
part of the workpiece can also be conducted by a known
method, for example, by using one of the sensitizing activator
method, the Pd—Sn colloid catalyst, an alkaline Pd 1on cata-
lyst and an acidic Pd colloid catalyst, all of which are known
conventionally.

In this case, the most preferred 1n view of shortening of the
number of steps and cost 1s an acidic Pd colloid solution
dispersed and stabilized with an organic polymer, because the
Pd—Sn colloid catalyst requires a step for the removal of Sn
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which has a potential problem of impairing the reliability of
copper-copper connection and the alkaline Pd 1on catalyst
requires a Pd-reducing step after the treatment.

It1s to be noted that as an activator for use in the application
of such apalladium catalyst, an activator can be prepared with
a known composition or a commercial product can be used.
As conditions for the treatment with the activator, known
usual conditions can be adopted.

Next, the palladium conductor layer forming solution for
the formation of the palladium conductor layer contains a
palladium compound 1n a form complexed with an amine
compound and also a reducing agent.

As the palladium compound to be used, a known palladium
compound can be used, and a water-soluble palladium com-
pound such as palladium oxide, palladium chloride, palla-
dium nitrate, palladium acetate, sodium palladium chloride,
potassium palladium chloride, ammomum palladium chlo-
ride, palladium sulfate or tetraamminepalladium chloride can
be mentioned. The use concentration of the palladium com-
pound may preferably in a range of 0.0001 to 0.01 mol/L,
with 0.0005 to 0.002 mol/L being most preferred. At a con-
centration lower than 0.0001 mol/L, the rate at which a pal-
ladium conductor layer 1s formed becomes slower. When the
concentration 1s excess 01 0.01 mol/L, on the other hand, the
process becomes costly in economy, and at a palladium con-
centration higher than 0.01 mol/L, there 1s a potential prob-
lem that palladium may substitute or precipitate on copper.

The palladium conductor layer forming solution for use 1n
the present invention may preferably use at least one kind of
amine compound to stably form and maintain a complex of
palladium. As the pH of the palladium conductor layer form-
ing solution 1s maintained around 7 1n this case, a compound
capable of stably forming a complex at the pH 1s selected. The
concentration ol the amine compound may be preferably
0.0001 to 0.1 mol/L, more preferably 0.001 to 0.02 mol/L.
The amine compound contributes more to the stability of the
solution as 1ts concentration becomes higher. At a concentra-
tion higher than 0.1 mol/L, however, the amine compound
exhibits stronger dissolution power for the copper on the
substrate so that the concentration of copper 1n the palladium
conductor layer forming solution rises. When the concentra-
tion of copper rises, the formation rate of the conductor layer
drops, leading to a potential problem that the life of the
palladium conductor layer forming solution may be short-
ened. At a concentration lower than 0.0001 mol/L, on the
other hand, no palladium complex 1s formed, leading to a
potential problem that the palladium conductor layer forming
solution may be brought mto a suspended state and may
eventually form a precipitate.

Examples of the amine compound include monoamines
such as methylamine, ethylamine, propylamine, trimethy-
lamine and dimethylethylamine, diamines such as methyl-
enediamine, ethylenediamine, tetramethylenediamine and
hexamethylenediamine, polyamines such as diethylenetri-
amine, triethylenetetramine and pentaethylenechexamine, and
in addition, amino acids and the like such as ethylenediamine-
tetraacetic acid and 1ts sodium salt, potassium salt and ammo-
nium salt, nitrilotriacetic acid and its sodium salt, potassium
salt and ammonium salt, glycine, and iminodiacetic acid.

For an improvement in stability, 1t 1s also desired to add an
aliphatic carboxylic acid. Illustrative are monocarboxylic
acids such as formic acid, acetic acid, propionic acid, butyric
acid, 1sobutyric acid, valeric acid and 1sovalelic acid, dicar-
boxylic acids such as oxalic acid, malonic acid, succinic acid,
glutaric acid, maleic acid, fumaric acid, citraconic acid, 1ta-
conic acid, and other carboxylic acids such as tricarballylic
acid, glycolic acid, lactic acid, malic acid, tartaric acid, citric
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acid, 1socitric acid, alloisocitric acid, gluconic acid, oxalace-
tic acid and diglycolic acid, and the sodium salts, potassium
salts, ammonium salts and the like of these carboxylic acids.

One or more of the above-described carboxylic acids and
salts can be used. Its concentration may be preferably 0.0001

to 0.1 mol/L, more preferably 0.001 to 0.02 mol/L. At a
concentration lower than 0.0001 mol/L, 1ts effect as a stabi-
lizer 1s weak. At a concentration higher than 0.1 mol/L, on the
other hand, its role as a stabilizer 1s saturated so that such a
high concentration requires wastetul cost and 1s not practical
from the standpoint of economy.

Asthereducing agent, aknown reducing agent can be used.
Illustrative are hypophosphorous acid and its salts, boron
hydride and 1ts salts, dimethylamineboran, trimethy-
lamineboran, hydrazine, and the like.

The above-described reducing agent acts as a reducing
agent for palladium 10ns in the palladium conductor layer
forming solution for use 1n the present invention, and 1ts
concentration may be preferably 0.01 to 1 mol/L, more pret-
erably 0.05 to 0.5 mol/L. A concentration lower than 0.01
mol/L leads to a reduction 1n reaction velocity, while a con-
centration higher than 1 mol/L has a potential problem that
the palladium conductor layer forming solution may become
unstable.

To avoid the formation of a palladium conductor layer on
the surface of each copper part of the workpiece, 1t 1s pre-
terred to add an azole compound to the palladium conductor
layer forming solution for use in the present invention. The
azole compound 1s adsorbed on the copper to suppress the
dissolution of the copper by the amine, thereby inhibiting the
substitution reaction of palladium onto the copper so that a
palladium conductor layer 1s formed on the insulating part
only.

Examples of the azole compound for use 1n the present
invention include imidazoles such as imidazole, 2-phenylimi-
dazole, 1-vinylimidazole, benzoimidazole, 2-butylbenzoimi-
dazole, 2-phenylethylbenzoimidazole and 2-aminoben-
zoimidazole, triazoles such as 1,2.4-triazole, 3-amino-1,2.4-
triazole, 1,2,3-benzotriazole, 1-hydroxybenzotriazole and
carboxybenzotriazole, tetrazoles such as tetrazole, S-phenyl-
1 H-tetrazole, 5-methyl-1H-tetrazole and 5-amino-1H-tetra-
zole, pyrazole, and benzothiazole. 1,2,3-benzotriazole 1s par-
ticularly preferred.

Two or more of the above-described azole compounds may
be used 1n combination. The concentration of the azole com-
pound may be preferably 0.0001 to 0.2 mol/L, more prefer-
ably 0.0002 to 0.02 mol/L. At a concentration lower than
0.0001 mol/L, the substitution or precipitation of palladium
on copper takes place, leading to the potential problem that
the reliability of copper-copper connection may be impaired.
Or, there 1s the possibility that the formation of a palladium
conductor layer may not be smoothly conducted due to the
dissolution of copper into the solution. A concentration
higher than 0.2 mol/L causes no problem insofar as the azole
compound 1s dissolved, but 1s not practical from the stand-
point of cost.

The palladium conductor layer forming solution for use in
the present invention can be used suitably at pH 8 or lower,

Step
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notably at a pH range of 6 to 8. In this pH range, a good
palladium conductor layer can be formed. Atlower than pH 6,
the formation of an amine complex 1s suppressed so that a

difficulty may arise 1n the formation of a palladium conductor
layer. When the pH exceeds 8, on the other hand, the disso-
lution of copper takes place, leading to a potential problem
that the formation of a conductor layer on an 1nsulating mate-
rial may be suppressed. As the treatment temperature, a range
of 20 to 80° C. can be used. Especially at 40° C. or higher, a
good palladium conductor layer can be formed in a short time.
At lower than 20° C., the reaction may not initiate in some
instances, and no uniform palladium conductor layer may be
formed accordingly. When the treatment temperature exceeds
80° C., the stability of the solution may be lowered 1n some
instances. It 1s to be noted that the treatment time with the
palladium conductor layer forming solution may be prefer-
ably 0.5 to 5 minutes, notably 1 to 3 minutes or so.

In the present mvention, a palladium conductor layer 1s
formed 1n the palladium conductor layer forming solution,
which contains the above-described reducing agent, while
using as a catalyst the palladium applied to the insulating part.
In this case, the palladium conductor layer has a thickness of
5 to 50 nm or so, and has conductivity suificient to conduct
clectrolytic copper plating. By adding the azole compound,
the compound adheres to the copper and protects it, thereby
reducing the copper-dissolving action of the palladium con-
ductor layer forming solution and the substitution and depo-
sition of palladium. As a consequence, 1t 1s possible to assure
high reliability for the copper-copper connection.

After the palladium conductor layer 1s formed as described
above, copper plating 1s conducted. Since the palladium con-
ductor layer has already been formed on the insulating part of
the workpiece 1n this case, electrolytic copper plating can be
conducted directly onto the palladium conductor layer with-
out additionally applying electroless copper plating to the
insulating part. In particular, it 1s unnecessary to interpose an
clectroless copper plating which uses an alkaline electroless
copper plating solution.

The plating solution for use in such electrolytic copper
plating can have a known composition, and a commercial
product can be used. Further, as conditions for the plating,
known usual conditions can be adopted. It 1s to be noted that

the electrolytic copper plating may preferably be, but 1s not
limited to, copper sulfate plating.

EXAMPLES

Examples and Comparative Examples will herematter be
given to specifically describe the present invention. It is,
however, to be noted that the present invention 1s not limited
to the following Examples.

As steps up to the application of a palladium catalyst before
the formation of a palladium conductor layer, the steps No. 1
to No. 3 shown 1n Table 1 were conducted separately. As
palladium conductor layer forming solutions for forming pal-
ladium conductor layers, those having the compositions A to
D shown 1n Table 2 were employed separately.

TABLE 1
No. 1 No. 2 No. 3
“WCD”P: 50 mL/L “WCD”™P: 50 mL/L “WCD”V: 50 mL/L
50° C. x 5 min 50° C. x 5 min 50° C. x 5 min
50° C. x 1 min 50° C. x 1 min 50° C. x 1 min

Room temp. x 1 min

Room temp. x 1 min Room temp. x 1 min
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TABLE 1-continued

Step No. 1 No. 2 No. 3

Etching 35% H505: 50 mL/L
62.5% H,SO,: 160 mL/L
“MSE-7"“): 50 mL/L
40° C. x 2 min

Room temp. x 1 min
62.5% H,S0,: 100 mL/L.
Room temp. x 1 min

Room temp. x 1 min

35% H>05: 50 mL/L
62.5% H,S0,: 160 mL/L
“MSE-7"“: 50 mL/L
40° C. x 2 mun

Room temp. x 1 min
62.5% H,S0,: 100 mL/L,
Room temp. x 1 min
Room temp. x 1 min

Water rinsing
Acid cleaning

Water rinsing
Pre-dipping

10

35% H505: 50 mL/L
62.5% H,S0,: 160 mL/L
“MSE-7"?: 50 mL/L
40° C. x 2 min

Room temp. x 1 min
62.5% H,S0,: 100 mL/L,
Room temp. x 1 min

Room temp. x 1 min
“PED-104®: 270 g/L

25° C. x 2 min

“MAT-2A7%”: 200 mL/L
“MAT-2B°: 40 mIL/L
60° C. x 5 min

Room temp. x 1 min

“WAT”: 50 mL/L
“WHP”™: 5 mL/L
40° C. x 5 min
Room temp. x 1 min

Catalyst
treatment

Water rinsing
Sn removal

“AT-105"19: 30 mL/L
“PED-104"*: 270 o/L
30° C. x & min

Room temp. x 1 min

“AT-106”"1D: 100 mL/L

25° C. x 3 min

Water rinsing
Reduction “MAB-4A”": 20 mL/L
“MAB-4B”®: 200 mL/L
35° C. x 3 min

Room temp. x 1 min

Water rinsing

Room temp. x 1 min

(DAn alkaline solution of amine compounds including a nonionic surfactant and a cationic surfactant

()A stabilizer for hydrogen peroxide

) An acidic palladium colloid solution (palladium solution)

M AR acidic palladium colloid solution (reducing agent)

®)An alkaline solution of a palladium complex (palladium solution)
©)An alkaline solution of a palladium complex (chelating agent)
(DA dimethylamineboran solution

®A pH adjuster (buffer)

A Pd—Sn colloid solution (stabilizer)

U9A Pd—Sn colloid solution (Pd—S5n solution)

(DA boron fluoride solution

* The chemuicals (1) to (11) are products of C. Uyemura & Co., Ltd.

TABLE 2
A B C D
PdCl, 185 ppm PdCl, 370 ppm Pd(NH;),Cl, 370 ppm Pd(NH,),Cl, 370 ppm
EDA(2) | ¢/. EDA 2 o/l. EDA 2 o/. EDA 2 oL,
BTA! 100 ppm BTA 200 ppm BTA 200 ppm
Na hypo- 5 g/ Na hypo- 5 g/I.  Na hypo- 5 g/I.  Na hypo- 5 g/LL
phosphite phosphite phosphite phosphite
Maleic 1 g/l Fumaric 1 g/I.  Succinic 1 g/l. Maleic 1 g/L
acid acid acid acid
1:12)]5‘[]¥1}='1f2:r_1naﬂ:;liaminfs:
131 .2, 3-Benzotriazole
Example 1 TABLE 3
The palladium conductor layer forming solution slightl Not Hydroxy- Phenyl-
: P : M : 2 ST 50 added BTA 'Triazole benzotriazole benzotriazole
dissolves copper owing to the amine compound. As a result of
the dissolution of copper, a copper complex 1s formed. By the Amount of copper 498 27 333 26.3 10.2
- - dissolved (ppm)
copper complex, the formation of a palladlqm condu?tor Diccolution ratc 15 0o 54 Lo 0
layer 1s suppressed so that no good and conductive palladium of copper (ppm/hr)
conductor layer can be obtained. Azole compounds were 55
therefore added as chemicals that suppress the dissolution of
copper. To solutions shown under “D” 1n Table 2, BTA (1,2, -
. . . Example 2
3-benzotriazole), triazole, hydroxybenzotriazole and phenyl-
benzotriazole were added at 0.002 mol/L, respectively, and in A , bioh had b in letely di
500 mL aliquots of the resulting solutions, FR-4 substrates 60 specimen, which had been prepared by completely dis-

were dipped over 1 dm?, respectively, and were left over at
50° C. for 14 hours. As a result, copper-dissolution suppress-
ing etlect was observed on the solutions with the correspond-
ing azole compounds added 1n the same amount therein 1n
comparison with the solution to which no azole compound
was added. Especially on BTA, this effect was observed pro-
nouncedly. The results are shown 1n Table 3.

65

solving off a surface-laminated copper foil from a commer-
cial product (FR-4) through etching, and two types of 75-um
polyimide films (“KAPTON,” product of E.I. du Pont de
Nemours and Company; and “UPILEX,” product of Ube
Industries, Ltd.) were treated with the Sn-iree, acidic palla-
dium colloid solution shown under No. 1 1n Table 1, and
palladium conductor layers were then formed under the con-
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ditions of pH 7, 50° C. and 2 minutes 1n the palladium con-
ductor layer forming solution shown under “A” in Table 2. As
a result, the palladium conductor layers were formed with a
thickness of 8 nm on the resins of all of the FR-4 and the two
types ol polyimide films, respectively, and were found to have
500 m€2 as conduction resistance across 100 mm (width: 50
mm). In tape tests, those palladium conductor layers were
confirmed to remain free from peeling.

Subsequently, electrolytic copper plating was conducted to
25 um at a cathode current density of 2.5 A/dm* in an elec-
trolytic copper plating solution which contains copper sulfate
pentahydrate (80 g/L), sulfuric acid (200 g/L.), chloride 1ons
(60 ppm), and “EPL-1-4A” (0.5 mL/L) and “EPL-1-B” (20
ml./L) [additives for cupper sulfate plating; products of C.
Uyemura & Co., Ltd.]. Copper was completely applied onto
the entire surfaces of the resins of all of the FR-4 and the two
types of polyimide films. Further, those samples were sub-
jected at 150° C. for 1 hour to heat treatment, but no blister
occurred.

Example 3

With respect to a commercial product (FR-4 substrate) (0.3
mm 1n diameter, 1.6 mm 1n thickness), a two-layered poly-
imide plate (maternial: “UPILEX”) and a three-layered poly-
imide plate (material: “KAPTON") in all of which through-
holes were formed, similar treatments as in Example 2 were
conducted up to copper suliate plating. As a result, copper
sulfate plating films were completely applied nto the
through-holes without any problem.

Example 4

A specimen, which had been prepared by completely dis-
solving off a surface-laminated copper foil from a commer-
cial product (FR-4) through etching, and two types of 75-um
polyimide films (“KAPTON" and “UPILEX”) were treated
with the alkaline palladium-complex solution with the Sn-
free shown under No. 2 1n Table 1, and palladium conductor
layers were then formed under the conditions of pH 7, 50° C.
and 2 minutes 1n the palladium conductor layer forming solu-
tion shown under “B” in Table 2. As a result, the palladium
conductor layers were formed with a thickness of 8 nm on the
resins of all of the FR-4 and the two types of polyimide films,
respectively, and were found to have 1 k€2 as conduction
resistance across 100 mm (width: 50 mm). In tape tests, those
palladium conductor layers were confirmed to remain free
from peeling.

Subsequently, electrolytic copper plating was conducted to
25 um thickness at a cathode current density of 2.5 A/dm* in
an electrolytic copper plating solution which contains copper
sulfate pentahydrate (80 g/L), sulfuric acid (200 g/L.), chlo-
ride 1ons (60 ppm), and “EPL-1-4A” (0.5 mL/L) and “EPL-
1-B” (20 mL/L) [additives for cupper sulfate plating; prod-
ucts of C. Uyemura & Co., Ltd.]. Copper was completely
applied onto the entire surfaces of the resins of all of the FR-4
and the two types of polyimide films. Further, those samples
were subjected at 150° C. for 1 hour to heat treatment, but no
blister occurred.

Example 5

With respect to a commercial product (FR-4 substrate) (0.3
mm 1n diameter, 1.6 mm 1n thickness), a two-layered poly-
imide plate (maternal: “UPILEX”) and a three-layered poly-
imide plate (material: “KAPTON) 1n all of which through-

holes were formed, similar treatments as in Example 4 were
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conducted up to copper sulfate plating. As a result, copper
sulfate plating films were completely applied into the

through-holes without any problem.

Example 6

A specimen, which had been prepared by completely dis-
solving off a surface-laminated copper fo1l from a commer-
cial product (FR-4) through etching, and two types of 75-um
polyimide films (“KAPTON" and “UPILEX”) were treated
with the Pd—Sn colloid solution shown under No. 3 1n Table
1, and palladium conductor layers were then formed under the
conditions of pH 7, 50° C. and 2 minutes in the palladium
conductor layer forming solution shown under “C” 1n Table 2.
As aresult, the palladium conductor layers were formed with
a thickness of 10 nm on the resins of all of the FR-4 and the
two types of polyimide films, respectively, and were found to
have 830 m¥£2 as conduction resistance across 100 mm (width:
50 mm). In tape tests, those palladium conductor layers were
confirmed to remain free from peeling.

Subsequently, electrolytic copper plating was conducted to
25 um thickness at a cathode current density of 2.5 A/dm* in
an electrolytic copper plating solution which contains copper
sulfate pentahydrate (80 g/L), sulfuric acid (200 g/L), chlo-
ride 1ons (60 ppm), and “EPL-1-4A” (0.5 mL/L) and “EPL-
1-B” (20 mL/L) [additives for cupper sulfate plating; prod-
ucts of C. Uyemura & Co., Ltd.]. Copper was completely
applied onto the entire surfaces of the resins of all of the FR-4
and the two types of polyimide films. Further, those samples

were subjected at 150° C. for 1 hour to heat treatment, but no
blister occurred.

Example 7

With respectto a commercial product (FR-4 substrate) (0.3
mm 1n diameter, 1.6 mm 1n thickness), a two-layered poly-
imide plate (matenal: “UPILEX”) and a three-layered poly-
imide plate (material: “KAPTON) in all of which through-
holes were formed, similar treatments as 1n Example 6 were
conducted up to copper suliate plating. As a result, copper
sulfate plating films were completely applied into the
through-holes without any problem.

Comparative Example 1

Two types of 75-um polyimide films (“KAPTON” and
“UPILEX”) were treated with the Pd—Sn colloid solution
shown under No. 3 in Table 1, and were then subjected to
clectroless copper plating under the conditions of 35° C. and
20 minutes with a general electroless copper plating solution.
As a result, copper plating films were formed on the entire
surfaces without blister. However, those films had no adhe-
sion with the polyimide, and were confirmed to be instanta-
neously peeled off 1n tape tests.

Comparative Example 2

A specimen, which had been prepared by completely dis-
solving off a surface-laminated copper foil from a commer-
cial product (FR-4) through etching, and two types of 75-um
polyimide films (“KAPTON" and “UPILEX”) were treated
with the acidic Pd colloid solution shown under No. 1 1nTable
1, and their conduction resistances across 100 mm (width: 50
mm ) were measured without conducting any palladium con-
ductor layer forming treatment. However, no conductivity
was obtained and the measurement was impossible.
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Subsequently, electrolytic copper plating was conducted to
25 um thickness at a cathode current density of 2.5 A/dm* in
an electrolytic copper plating solution which contains copper
sulfate pentahydrate (80 g/L), sulfuric acid (200 g/L.), chlo-
ride 1ons (60 ppm), and “EPL-1-4A” (0.5 mL/L) and “EPL-
1-B” (20 mL/L) [additives for cupper sulfate plating; prod-
ucts of C. Uyemura & Co., Ltd.]. No copper plating film
deposited on the resins of all of the FR-4 and the two types of
polyimide films.

The mvention claimed 1s:

1. A direct plating process for applying copper electroplat-
ing to an msulating part ol a workpiece having said insulating
part and a copper part at a surface of the workpiece compris-
ing the steps of:

subjecting the surface of said workpiece to palladium cata-

lysttreatment so as to apply a palladium catalyst onto the
insulating part;

forming a palladium conductor layer on the palladium

catalyst on said insulating part of said workpiece by
treating the surface having said insulating part and cop-
per part with a palladium conductor layer forming solu-
tion, which comprises a palladium compound, an amine
compound, a reducing agent and an azole compound,
while using the palladium catalyst; and

then electroplating a copper film directly on said palladium

conductor layer, wherein

said azole compound is selected from the group consisting

of an 1midazole compound, a triazole compound, a tet-
razole compound and a pyrazole compound,

said reducing agent 1s selected from the group consisting of

hypophosphorous acid and its salts, boron hydride and
its salts, dimethylamineboran, and trimethylaminebo-
ran, and

the azole compound 1s adsorbed to the copper part of said

workpiece and 1nhibits a substitution reaction of palla-
dium onto the copper part of said workpiece 1n the form-
ing step so that the palladium conductor layer 1s selec-
tively formed on only the palladium catalyst on said
insulating part of said workpiece without forming a pal-
ladium conductor layer on said copper part of said work-
piece.

2. The direct plating process according to claim 1, wherein
said workpiece comprises a polyimide as said insulating part.
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3. The direct plating process according to claim 1, wherein
said azole compound 1s the triazole compound, and the tria-
zole compound 1s a benzotriazole compound, and

said palladium conductor layer forming solution has a pH

not higher than 8.

4. The direct plating process according to claim 3, wherein
said benzotriazole compound 1s 1,2,3-benzotriazole.

5. The direct plating process according to claim 3, wherein
a concentration of the palladium compound 1s 1n a range of
0.0001 to 0.01 mol/L.

6. The direct plating process according to claim 4, wherein
a concentration of the palladium compound 1s 1n a range of
0.0001 to 0.01 mol/L.

7. The direct plating process according to claim 1, wherein
said workpiece 1s a printed circuit board having through-holes
and/or via-holes.

8. The direct plating process according to claim 1, wherein
application of said palladium catalyst 1s conducted by the
palladium catalyst treatment with an acidic palladium colloid
solution dispersed and stabilized with an organic polymer.

9. The direct plating process according to claim 1,

wherein said imidazole compound is selected from the

group consisting of imidazole, 2-phenylimidazole, 1-vi-
nylimidazole, benzoimidazole, 2-butylbenzoimidazole,
2-phenylethylbenzoimidazole, and 2-aminobenzoimi-
dazole, and

wherein said triazole compound 1s selected from the group

consisting of 1,2,4-triazole, 3-amino-1,2,4-triazole, 1,2,

3-benzotnazole, 1-hydroxybenzotriazole, and carboxy-

benzotriazole, wherein said tetrazole compound 1s
selected from the group consisting of tetrazole, S-phe-
nyl-1H-tetrazole, 5-methyl-1H-tetrazole, and 5-amino-
1H-tetrazole, and
wherein said pyrazole compound 1s pyrazole, and
wherein said palladium conductor layer forming solution
has a pH not higher than 8.

10. The direct plating process according to claim 9,
wherein a concentration of the palladium compound 1s 1n a
range of 0.0001 to 0.01 mol/L.

11. The direct plating process according to claim 1,
wherein a concentration of the palladium compound 1s 1n a

range of 0.0001 to 0.01 mol/L.

G o e = x
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